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The effects of season of burn, on two species of the Proteaceae with soil-stored seed, Leucadendron pubescens and 
Paranomus bracteolaris, were examined in a replicated plot experiment in the Cederberg State Forest. Sets of plots 
were burnt in September, November, January, March and May. Post-fire seedling densities both inside and outside 
exclosures designed to exclude granivores and herbivores, were analysed using an analysis of variance. Pre-fire 
seed production was used as a covariant. Seedling densities were significantly affected by the month in which the 
plots were burnt. The seedling densities after fires in September (L. pubescens) and November (P. bracteolaris), 
which occurred before the seed crop for that year had matured and been shed, were significantly lower than the 
densities recorded after fires in the other months. Herbivory on young seedlings had a significant effect on seedling 
densities, regardless of season. These findings suggest that prescribed burns in plant communities with Proteaceae 
that have soil-stored seed should preferably be carried out after the current seed crop 'has matured and been 
released. 
Hierdie studie ondersoek die uitwerking van seisoen van brand op twee spesies wat grond-gestoorde saad het, 
naamlik Leucadendron pubescens en Paranomus bracteolaris in 'n gerepliseerde perseel-eksperiment in die Seder-
berg Staatsbos. Stelle van die persele is gebrand in September, November, Januarie, Maart en Mei. Na-brand 
saailing-digthede beide binne en buite uitsluitingshokkies ontwerp om saadvreters en plantvreters uit te hou, is 
ontleed deur 'n analise van variansie te gebruik. Voor-brand saad-produksie is gebruik as 'n kovariant. Saaling-
digthede is betekenisvol be'invloed deur die maand waarin die persele gebrand is. Die saailing-digthede na brande in 
September (L. pubescens) of November (P. bracteolaris), voordat die saadoes vir daardie jaar ryp geword het, was 
betekenisvollaer as die na-brande in die ander maande. Plantvretery op jong saailinge het 'n sterk invloed gehad op 
saailing-digtheid, ongeag die seisoen van brand. Hierdie bevindinge dui daarop dat voorgeskrewe brande in plant-
gemeenskappe met Proteaceae met grond-gebergde saad behoort verkieslik uitgevoer te word nadat die huidige 
saadoes rypgeword het en vrygestel is. 
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Introduction 
Little is known about the effects of different seasons of bum 
on Proteaceae which have soil-stored seed. Durand (1978) , 
Boucher (1981) and Lamb (1982) have suggested that win-
ter or spring bums result in poorer regeneration than 
summer or autumn bums. Most of the studies on the Pro-
teaceae of mountain fynbos have focussed on explaining 
the very marked responses of Pro tea and Leucadendron 
species with canopy-stored seed to season of bum (Bond 
1984; Bond et al. 1984; van Wilgen & Viviers 1985). Bond 
(1984 , 1985) has argued that the marked variation in seed-
ling regeneration in Proteaceae with canopy-stored seed 
after fires in different seasons is largely due to the consump-
tion of the seeds by small mammals between dispersal and 
germination. Many of the Proteaceae with soil-stored seed 
are myrmecochorous (ant-dispersed) so that most seeds es-
cape granivory (Bond & Slingsby 1983). Although Bond 
(1984) found that herbivory on seedlings of serotinous Pro-
teaceae after emergence was insignificant, Boucher (1981) 
found that herbivory could be a significant cause of seedling 
mortality. 
Little is known about the post-fire conditions which will 
provide for successful germination and seedling establish-
ment. The vegetation on wet sites burns poorly and patchily 
under cool, moist conditions and hot, generally summer 
and autumn, fires which consume the litter and dense vege-
tation, are required to create good seed beds (Kruger & 
Lamb 1979). The seeds of Leucospermum cordifolium 
(Salisb. ex Knight) Fourc. and Serruria florida Knight ger-
minate best when given a temperature regime similar to 
that found in autumn and early winter in the exposed mineral 
soil on recently burnt sites (Brits 1986), confirming Kruger 
& Lamb's (1979) observations. If the indirect effects of 
seasonal variations in fire behaviour are excluded then sea-
son of burn will be important if: 
(1) There are marked seasonal fluctuations in the size of 
the seed banks. The only information on field longevity 
of soil-stored seed in the Proteaceae is that seeds of 
Orothamnus zeyheri survived for 19 years (Boucher 
1981). If the seeds are generally as long-lived in the soil, 
then seed banks should accumulate between fires and 
the magnitude of seasonal fluctuations in the total 
number of seeds in the soil will decrease with increasing 
post-fire age. 
(2) There is a greater probability of seeds germinating at an 
inappropriate time after the fire and the seedlings dying 
in a succeeding drought. 
(3) The seeds are exposed to additional predation during 
the period between the fire and seed germination. 
(4) The probability of seedling death due to herbivory 
varies with the length of period between the fire and the 
emergence of the seedlings, because the burnt area is 
recolonized by herbivores. 
In this paper I present data on seedling recruitment from 
an experiment designed to determine the effects of season 
of bum on the two dominant Proteaceae in a dry fynbos 
community. The recruitment levels of the two Proteaceae 
are compared with both the effects of season (month) of 
bum and the proportion of the plant cover consumed by 
fire. I tested the following hypotheses: 
(1) Season of bum has no effect on the number of seedlings 
found after fires . 
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(2) The loss of the current year's seed crop does not influ-
ence the number of seedlings recorded after fires. 
(3) Exclusion of herbivores has no effect on seedling re-
generation in Proteaceae with soil-stored seed, regard-
less of season of burn . 
(4) Leucadendron pubescens and Paranomus bracteolaris 
would show similar responses to season of burn be-
cause ant-dispersal would not reduce the loss of seeds 
of Paranomus bracteolaris to seed predators. 
Materials and Methods 
Study site and material 
The study site is situated at an altitude of 500 m in the 
Rondegat River Valley in the Cederberg State Forest (32° 
20' S, 19° 03' E) . The aspect is north-east and the slope 
varies from 5 to 20 degrees. The annual rainfall is about 660 
mm, about 70% of which falls from April to September. 
The mean daily maximum and minimum temperatures are 
8,soC and 19°C and 14°C and 30°C for July and 
February respectively . The dry fynbos community is domi-
nated by two tall shrub species of the Proteaceae, Leu-
cadendron pubescens R.Br. (dioecious, with passively dis-
persed , soil-stored seed) , and Paranomus bradeolaris 
Salisb. ex Knight (monoecious, with myrmecochorous, 
soil-stored seed). The elaiosome in P. bracteolaris is formed 
by a translucent membranous structure on the mature seed 
which was absent from seed found in middens in ant nests. 
The age of the plant community was estimated to be 16 
years. 
Experimental design 
Fifteen plots ranging from 30 X 30 to 50 X 50 m were laid 
out in the study area so as to minimize the variations in the 
plant community between treatments. Two plots were re-
served for phenological studies and 13 were burnt as set out 
in Table 1. The treatments were assigned randomly to the 
plots. The experiment was designed to minimize the effects 
of interannual variations in climate and other factors (see 
Table 1 The experimental design showing the allocation 
of the treatments to the plots, the class of the fire (poor 
50% burnt, patchy 85% burnt and clean 100% burnt) and 
the number of adult plants, per hectare, of the two 
dominant Proteaceae on the plots before the fires. Seed 
production is given per square metre in order to reduce the 
size of the tabulated values. All the plots were burnt in 
1984 except for the November fires which were in 1983 
Leucadendron Paranomus 
Plot Month of Fire pubescens bracteolaris 
no. fire class plants ha -I seeds m- 2 plants ha- I seeds m- 2 
3 September Poor 719 18 219 160 
10 Clean 2461 39 20 0,3 
13 Clean 2927 32 I 100 295 
I November Clean 1962 46 0 0 
7 Patchy 2433 36 165 28 
4 January Clean 2975 54 0 0 
6 Clean I 107 22 219 30 
11 Clean 989 16 710 341 
2 March Clean 1651 35 0 0 
8 Clean 1435 24 44 7 
5 May Patchy 2478 46 224 72 
9 Clean 3210 45 105 12 
12 Clean 2868 48 1 011 242 
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Le Maitre 1987) by incorporating all the treatments in the 
period from September 1983 to May 1984. All the treat-
ments were carried out as planned, except for the Sep-
tember fires which had to be postponed to September 1984 
because of unfavourable weather during September 1983. 
The September burns occurred before the 1984 seed crop of 
L. pubescens and P. bracteolaris had matured. L. pubescens 
and P. bracteolaris had not matured their seed before the 
September 1984 fires, but L. pubescens had shed all and P. 
bracteolaris most of its seed before the November 1983 
fires . P. bracteolaris seed shed was completed before the 
fires in January 1984. Most of the plots burnt cleanly with 
moderate to high intensity fires (van Wilgen et al. 1985). 
About 15% of two of the plots did not burn cleanly and only 
about 50% of one further plot was burnt. For the analyses I 
classed the fires as clean (100% burnt) , patchy (c . 85% 
burnt) and poor (c . 50% burnt, Table 1). 
Plant density 
Pre-fire plant densities were determined by counting all in-
dividuals rooted within the plot for each of the two domi-
nant species (male and female separately for L. pubescens). 
The post-fire seedling densities were estimated from counts 
on 5-m wide, permanently marked transects randomly lo-
cated and running from top to bottom in the plots. The 
number of parent plants on these transects was also count-
ed before the fires. Ten 1 X 1-m rodent exclosures made of 
12-mm wire mesh were randomly sited within each plot im-
mediately after the fires . The exclosures were closed at the 
top and sides with mesh and a 100-mm wide strip of 80% 
shadecloth was bound to the edge of the wire mesh . The 
lower edge of the shadecloth was anchored with rocks to 
seal the exclosure. The completed exclosure stood 100 to 
150 mm high. The number of seedlings in each exclosure 
was counted after the fire. All the post-fire counts were 
done in November 1984, except for the plots (3 , 10, 13) 
burnt in September 1984, which were done in September 
1985. All the counts were converted to densities (plants per 
hectare) using the known area of the plot or transect. The 
number of adults of both sexes of L. pubescens was used in 
the calculations as it is total population replacement that is 
important rather than the number of seedlings per female 
plant. 
Seed production 
Data on inflorescence production were collected by mea-
suring the stem diameters of a sample of 25 shrubs and 
counting the number of inflorescences on each shrub. 
These data were used to derive the following regressions: 
L. pubescens: NI = 3,491 (SD I •571 ); ? = 0,73, n = 25; 
P. bracteolaris: NI = 1,961 (SD2,432); ? = 0,74, n = 25; 
Where NI = the number of inflorescences and SD = the 
stem diameter below the first branch . A wandering quarter 
(Catana 1963) sample of the diameters of the stems of 
shrubs was used to calculate the mean number of in-
florescences per shrub for each plot. No stem diameter 
samples were taken on plots 2, 4 and 7 and the mean 
number of inflorescences per shrub for the most similar plot 
was used in the calculations. 
A random sample of the inflorescences of each species 
was collected and the number of full seed (firm, white em-
bryo) per inflorescence was counted . For L. pubescens the 
mean number of seed per inflorescence was 9,20 (S.£ = 
S. Afr. 1. Bot., 1988, 54(6) 
0,49; n = 75) and the corresponding value for P. bracteo-
laris was 8,27 (5. E. = 0,67; n = 30) . The number of seed per 
shrub was converted to seed density (seeds m -2) using 
shrub density on each plot (Table 1). As L. pubescens is 
dioecious the density of female plants on the plot was used 
in calculating the seed production per square metre. At-
tempts were made to sample the soil seed bank but the ex-
tremely gravelly soil made this impossible and no meaning-
ful data could be obtained. 
Analysis 
The data were analysed using an analysis of variance for an 
unbalanced design (GLM procedure , SAS 1985). The plant 
and seedling density data were normalized by taking the 
square root of the actual value plus 0,5 . The treatment 
classes used in the initial analysis were month of burn and 
fire class (clean, patchy, poor burn). Pre-fire seed produc-
tion was used as a covariant in the initial analyses to deter-
mine whether the marked variation between plots (Table 1) 
could have influenced the seedling densities. 
Results 
The data on parent plant densities and seed production are 
summarized in Table] and the number of seedlings record-
ed after the fires on each plot are presented in Table 2. Re-
sults of the analysis of variance are summarized in Table 3 
and those from the least squares means tests are given in 
Table 4. Least squares means tests (which compensate for 
both the uneven sample sizes and the covariant) of the 
transect counts showed that the significance of month lay in 
the difference between the September treatment and the 
other months and between November and May for Leu-
cadendron pubescens (Table 4). None of the factors used in 
the full model for Paranomus bracteolaris were significant 
(Tables 3 & 4) . The analyses were repeated using a reduced 
model with only month grouped into pre- and post-release : 
September vs. November to May for L. pubescens and Sep-
tember and November vs. January to May for P. bracteolaris. 
Table 2 The density of seedlings of Leucadendron faureo-
fum and Paranomus bracteofaris for each month of burn 
and fire class. The values are based on counts of the num-
ber of seedlings rooted within a 5-m wide permanent 
transect and inside ten 1-m2 exclosures on each plot 
Seedlings (plants ha - 1) 
L. pubescens P. bracteolaris 
Fire 
Month class transect exclosure transect exclosure 
September poor 0 3000 52 5000 
clean 200 9 ()()() 200 0 
clean 50 1000 550 8000 
November clean 10 321 26000 0 0 
patchy 7600 61000 100 1000 
January clean 6905 22000 0 0 
clean 3080 48000 1640 9000 
clean 5486 37000 4057 24000 
March clean 6095 21000 0 0 
clean 2619 73000 1 714 15000 
May patchy 3400 22000 280 0 
clean 8444 74000 222 1 000 
clean 3000 23000 1 560 29000 
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The results show that fire had a significant influence on 
the regeneration of both L. pubescens and P. bracteo-
faris. The analysis of the full model for the exclosure data 
showed that there were no significant trends in the data for 
either species (Table 3) , but there were significant dif-
ferences between seedling densities pre- and post-release 
Table 3 Results of an analysis of variance of the numbers 
of established seedlings counted after the experimental 
burns. The F-values given are those adjusted for the cova-
riant seed production. For the reduced model the month 
in which the plots were burnt was grouped into 
September vs. November to May for L. pubescens and 
September and November vs. January to May for P. 
bracteofaris 
Degrees 
of 
Species Counts Source freedom F-value 
Full model 
Leucadendron Transects Month 4 11 ,21 * 
pubescens Fire class 2 0,29 
Seeds produced 1 1,64 
Full model 7 9,83* 
Exclosures Month 1 1,82 
Fire class 2 0,20 
Seeds produced 1 1,27 
Full mQdel 6 1,67 
Paranomus Transects Month 4 3,88 
bracteolaris Fire class 2 1,56 
Seeds produced 1 6,22 
Full model 7 5,45 
Exclosures Month 4 2,61 
Fire class 2 2,82 
Seeds produced 1 13,02 
Full model 7 4,34 
Reduced model 
Leucadendron Transects Month 41,08* * 
pubescens 
Exclosures Month 17,29** 
Paranomus Transects Month 5,37* 
bracteolaris 
Exclosures Month 1,58 
* P < 0,05 
** P < 0,01 
Table 4 Results of least squares means (LSMEAN) tests 
for the significance of the differences between seedling 
densities from transect counts on plots burnt in different 
months (alpha = 0,05). The least squares means in the 
table are the transformed [square-root (density + 0,5)] 
seedling densities corrected for the covariant, pre-fire 
seed production (seed m - 2) 
Probability that LSMEAN(I)=LSMEAN(J) 
. J 
LS 
Species Month MEAN Sept Nov Jan March May 
Leucaden- September 7,23 Sept < ,01 <,01 < ,01 0,01 
dron November 92 ,86 Nov < ,01 0,20 0,13 0,04 
pubescens 1 an uary 71 ,25 Jan < ,01 0,20 0,60 0,40 
March 64 ,61 March < ,01 0,13 0,60 0,71 
May 58,81 May 0,01 0,04 0,40 0,71 
Parano- September 10,61 Sept 0,77 0,09 0,11 0,47 
mus brac- November 15,59 Nov 0,77 0,27 0,26 0,85 
teolaris January 38,88 Jan 0,09 0,27 0,86 0,14 
March 41 ,26 March 0,11 0,26 0,86 0,17 
May 18,17 May 0,47 0,85 -0,14 0,17 
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for L. pubescens using the reduced model. The large dif-
ferences between September and the other months are also 
related to the time since the last seeds were produced . If the 
seedlings of L. pubescens emerged in June, the period of 
time after the November burns was 7 months but for the 
September burns it was 19 months since the last seed crop 
had been produced on those plots. 
Discussion 
Season (month) of burn 
The statistical analyses (Table 4) confirm that the month 
when the plot was burnt had a significant effect on seedling 
recruitment in L. pubescens and that the major differences 
lay between the September treatment and the rest (Tables 
2-4). Differences in seedling numbers generally amounting 
to an order of magnitude between September (L. pubescens) 
and September and November (P. bracteolaris) , and the 
other months were recorded in both the transect and ex-
closure samples (Table 2). Because the number of seeds in 
the soil could not be directly estimated, interpretations of 
these results must be based on other evidence. Seeds of L. 
pubescens are subject to rodent predation which reduces 
the large numbers found under the shrubs in November to 
very few by mid-December. Seed predation did not have 
such a marked influence on the myrmecochorous P. brac-
teolaris because its seeds are rapidly removed by ants. After 
removal , seeds should be protected from granivores (Slingsby 
& Bond 1985) and accumulate in ant middens in the soil. 
Some of the variation in the recruitment of P. bracteolaris 
may be due to ant-dispersal resulting in patchy distri-
butions of the seedlings although the pronounced clump-
ing recorded by Bond & Slingsby (1983) was not found in 
this experiment (less than 1 % of the seedlings were within 
100 mm of each other). The very variable seed production 
of Paranomus bracteolaris (Table 1) may also have 
masked the effects of month of burn in the analysis. While 
there is clear evidence that the two species responded dif-
ferently to month of burn , the best regeneration was 
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obtained when the vegetation was burnt shortly after seed 
release . 
An alternative explanation for the variation in seedling 
numbers between September and the other months (Table 
2) is that it was caused by differences in the degree of seed-
ling mortality between the autumn and winter of 1985 (Sep-
tember treatment) and 1984 (remaining treatments) . How-
ever the monthly rainfall values (Figure 1) show that 1985 
had above-average rainfall. Seed germination in both 
species is seasonally restricted, occurring primarily during 
May and June. This means that a high rate of seedling mor-
tality, due to germination early in autumn and subsequent 
mortality during a dry spell, was very unlikely. In addition, 
less than 2% of the seedlings recorded during the post-fire 
surveys were dead despite intensive searches aimed at fin-
ding dead seedlings. Another possibility is that the loss of 
seedlings through herbivory was higher in the winter of 
1985 than 1984 because herbivore densities were higher but 
no data are available to test this possibility. As the fires 
would probably not have exposed seeds to higher levels of 
granivory than under pre-fire conditions, it is unlikely that 
the period between the fire and seed germination resulted 
in losses of seed comparable to those recorded for species 
with canopy-stored seed (Bond 1984). Therefore the re-
sults of this experiment are not consistent with the hypothe-
sis that season of burn has no effect on seedling recruit-
ment. 
Class of fire 
The fire class , i.e. the proportion of the plot burnt, did not 
have a statistically significant effect on recruitment outside 
or inside exclosures except for L. pubescens (Table 3) . 
While the small size of the plots used in this experiment 
could have resulted in an artificially high degree of her-
bivory by encouraging herbivore immigration from sur-
rounding vegetation, the one 'poor burn' still had a marked 
effect on seedling recruitment. This plot was the only one 
where no seedlings of Leucadendron pubescens were 
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Figure I Monthly rainfall for Algeria Forest Station, 1 km south-east of the study site in the same valley, for 1984 (, and dashed line) and 1985 
« , > and broken line) and the mean for the period 1910-1983 (+ and solid line). 
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recorded on the sample transect and Paranomus bracteo-
laris produced only the equivalent of 52 seedlings ha- 1 
(Table 2). 
Seed banks 
The marked differences in the number of seedlings of L. 
pubescens between the fires in September and the other 
months , both inside and outside the exclosures (Table 2) 
suggests that most of the seed produced was eaten by pre-
dators. These differences could also be the result of lower 
seed production in 1984 than in 1983. However , this is un-
likely because field observations did not suggest that flower 
and seed production varied by about an order of magnitude 
between 1983 and 1984. The percentage of a single year's 
seed production found as seedlings after the fires was low , 
averaging 9% and 0,8% for L. pubescens and P. bracteo-
laris (in exclosures) respectively. If the calculated annual 
seed production (Table 1) had been maintained for at least 
the 4 years preceding the fires, then considerably less than 
1 % of the total quantity of seed produced by either species 
ended up as seedlings. While season of burn did not have as 
marked an effect on P. bracteolaris , a large quantity of seed 
is lost between dispersal and emergence, perhaps because it is 
buried too deep in the ants' nests. The hypothesis that the 
accumulated seed reserves of L. pubescens and P. bracteo-
laris are sufficient to offset the loss of the current seed crop 
is not supported by the results of this experiment. 
Herbivory 
The effects of post-fire granivory on species with soil-stored 
seed should be minimal as the seeds are protected from 
granivores by being hidden by chance (L. pubescens) or by 
ants (P. bracteolaris) under stones or in the soil. Thus the 
low mean densities of seedlings outside the exclosures, 
about 14% and 11 % of those inside the exclosures for L. 
pubescens and P. bracteolaris respectively , must be due to 
herbivory. The higher seedling densities , for both L. pub-
escens and P. bracteolaris , within the exclosures on the 
'poor' burn (plot 3) indicate that herbivory rather than re-
duced germination , due to seed dormancy (Brits 1986) , was 
the major factor determining the low seedling density in the 
transect sample (Table 2) . The hypothesis that herbivory 
on emergent and young seedlings is insignificant (Bond 
1984) is not supported by this study , even though the small 
areas burnt in this experiment may have resulted in higher 
levels of herbivory than would occur in more extensive na-
tural fires. 
The exclosures collected soil washed down by rain, a fac-
tor which would affect the moisture regime of the soil in the 
exclosure. The exclosures may also have provided a more 
favourable microclimate for seed germination and seedling 
establishment so that the higher seedling densities might be 
a consequence of the exclosures themselves, rather than 
decreased herbivory. However, many of the seedlings out-
side exclosures had damaged cotyledons , hypocotyls and 
leaves while seedlings inside exclosures showed little sign of 
damage . 
Conclusions 
The data from this experiment show that seedling recruit-
ment of L. pubescens is significantly affected by the month 
in which the vegetation was burnt. The most marked effect 
is the decrease in seedling recruitment when fires occur be-
fore the current seed crop has matured. The data from this 
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experiment suggest that L. pubescens and P. bracteolaris 
are as much affected by different seasons of bum as species 
with canopy-stored seed. The seed banks of L. pubescens 
and P. bracteolaris could not be quantified in this study but 
. the findings suggest that studies of the dynamics of seed 
banks in the soil should be given a high priority. Herbivory 
during seedling emergence and on young seedlings has a 
significant effect on seedling survival after fires , contrary to 
Bond's (1984) finding that predation on seedlings after 
emergence was insignificant. The degree of post-fire her-
bivory measured in this experiment may have been higher 
than that experienced in more extensively burnt areas but 
the results indicate that the effects of refugia and fire size on 
post-fire herbivory in fynbos should be investigated. 
In areas where L. pubescens populations release their an-
nual seed crop during October and November, prescribed 
burns should not be carried out before December. This 
suggestion would apply to much of the lower slopes of the 
Cederberg, the Olifants River mountains and the southern 
Cederberg. There are several closely related Leucadendron 
species which are nut-fruited and simply drop their seed 
(Williams 1972). Among them are L. concavum, L. re-
motum, L. bonum and L. sericeum (possibly myrmecocho-
rous, Vogts 1982) and this recommendation would apply to 
them as well. Little is known of the ecology of the 18 Para-
nomus species recognized by Levyns (1970) , but the results 
of this study suggest that mid-summer is the best time to 
bum. These findings support the arguments for late 
summer- and autumn-prescribed burning (Bond 1984; van 
Wilgen & Viviers 1985; Le Maitre 1987) , and suggest that 
the best time to burn fynbos is the natural fire season (van 
Wilgen 1984). 
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